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(54) WOUND COVERING MATERIAL 

(57) A wound covering material is provided which 
can smoothly accelerate the reproduction of a defect 
skin and which can be removed readily without causing 
the reproduced skin to be deleted together therewith. 

There is provided a wound covering material com- 
prising a non-crystalline fibroin film. 
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Description 

TECHNICAL FIELD 

The present invention relates to a vyound covering 
material. 

BACKGROUND AFIT 

A covering material to be applied to a skin defect 
section as an artificial skin is called a wound covering 
material and a pig skin, chitin and so on have already 
been developed. These materials, however, have the 
drawbacks that a new skin developing under an artificial 
skin may also be deleted together as the artificial skin is 
being removed upon treatment. Further, there has 
recently been developed a wound covering material 
referred to as "Dioactive CGF" and there is the less 
occasion that this wound covering material may delete a 
new skin developing under an artificial skin together 
when it Is being removed. This wound covering material, 
however, is said to be slower in the speed of forming a 
new skin below it than a pig skin. 

DISCLOSURE OF INVENTION 

It is an object of the present invention to provide a 
wound covering material that can smoothly accelerate 
the reproduction of a defect skin and that can be 
removed without causing a new skin developing urxier It 
to be deleted together therewith. 

As a result of extensive studies and research to 
achieve the object as described hereinabove, the 
present invention have been completed on the basis of 
this finding. 

More specifically, the present invention provides a 
wound covering material comprising a non-crystalline 
fibroin film. 

The wound covering material (hereinafter referred 
to sometimes as a "covering materiar, too) according to 
the present Invention can be prepared by using an 
aqueous fibroin solution as a raw material and process- 
ing it into a film. 

For the preparation of an aqueous f broin solution, a 
silky substance Is purified by removing serlcin. The silky 
substance may include, for example, cocoons, cocoon 
thread, silk yarn, silk cloth and waste thereof. The puri- 
fication of the silky substance may be carried out, for 
example, by boiling the silky substance in an enzyme or 
In an aqueous solution of an alkali such as sodium car- 
bonate, sodium hydrogen carbonate or the like, washing 
the resulting silky substance with water, and immersing 
it in warm water, thereby causing chemical substances 
such as sericin. sodium carbonate and so on to be 
eluted and removing them. It is preferred that the purl- 
fled silky substance is then sterilized with ethylene oxide 
gas or in autoclave or by any other means. 

The silky substance purified in the way as 



described hereinabove is then dissolved in pure water 
containing a dissolution aid. The dissolution aid to be 
employed In this case may Include, for example, an acid, 
a neutral salt such as calcium chloride, lithium bromide 

5 or the like or ethanol. 

The aqueous solution In which the silky substance 
is dissolved Is subjected to dialysis by means of a sem- 
ipermeable membrane tube or the like, thereby yielding 
an aqueous fibroin solution from which the dissolution 

10 aid has been removed. 

The concentration of fibroin in the aqueous fibroin 
solution may be 2 % by weight or higher, preferably 5 % 
by weight or higher, although it is usually in the range of 
from 5 % to 20 % by weight. The rate of impurities other 

15 than fibroin in the aqueous fibroin solution may be 0.001 
% by weight or lower, preferably 0.0001% by weight or 
lower. In this case, there is the possibility that sericin, 
chlorine or the like may be contained as impurities. 
The process of forming the aqueous fibroin solution 

20 into a film may conprise casting the aqueous fibroin 
solution on a flat and smooth surtece of a solid member 
and removing the water contained therein by evaporat- 
ing it. It is of great importance in this case that a result- 
ing fibroin film is not made crystalline and that it 

25 becomes a substantially non-crystalline film. In order to 
achieve this. It is preferred to adjust a speed of removing 
the water by evaporation from the aqueous fibroin solu- 
tion in the process of filming it and it is possible to pre- 
vent a crystallization of the resulting film by making the 

30 speed of evaporating the water faster. 

The crystalllzatbn of the fibroin film is caused to 
occur in the process of drying the aqueous fibroin solu- 
tion when it takes a longer time to dry it in such a state 
that the concentration of the aqueous fibroin solution 

35 becomes 30 % or higher. In order to prevent the crystal- 
lization of the fibroin film, the aqueous fibroin solution 
may be dried at 0.5 atmospheric pressure or lower, pref- 
erably 0. 1 atmospheric pressure or lower, when the dry- 
ing is carried out at reduced pressure. When the drying 

40 is carried out at ambient pressure, it is necessary to 
alter the temperature, humidity and wind velocity of gas- 
eous fluid such as air or inert gas (nitrogen gas or the 
like) in a drying chamber. The temperature at which the 
aqueous fibroin solution is formed into a film may range 

45 from 0**C to 50°C, preferably from 1 0°C to 30°C. The rel- 
ative humidity RH of air or such inert gas may range 
from 40 % to 90%. preferably from 50 % to 80 %. It is 
preferred that the aqueous fibroin solution is formed into 
a film by bringing a film of the fibroin solution cast on the 

50 solid surface into contact with air or the Inert gas (nitro- 
gen gas or the like) having a temperature in the range of 
from 0°C to 50°C. preferably from 1 0°C to 30°C at the 
wind velocity of 5 cm per second or higher, preferably 
from 10 cm per second to 30 cm per second. When it Is 

55 intended to prepare a fibroin film having the film thick- 
ness of 30 nm or thicker, particularly in the range of from 
40 to 60 ^m. it is preferred that the wind velocity of the 
air or inert gas is defined at 1 0 cm per second or higher 
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or the relative humidity is set to be approximately 30 RH 
at the wind velocity of about 10 cm per second or lower, 
thereby preventing the crystallization oif the resulting 
fibroin film. 

For the fibroin film to be employed as a covering s 
material in accordance with the present invention, the 
film thickness may be set to be in the range of from 20 
^m to 80 ^m. The water contents of the resultant film 
may be in the range of from 1 % to 16% by weight, pref- 
erably from 5% to 13% by weight. The resulting fibroin io 
film may be laminated on another film as needed. 

When the covering material is actually employed, it 
is preferred to sterilize It with ethylene oxide gas prior to 
use. 

15 

Examples 

The present invention' will be described iri more 
detail by way of example. 

20 

Example 

(1) Preparation of a raw material 

Raw silk yarn was boiled in a 0.5 % (by weight) 25 
sodium cartxjnate aqueous solution for 1 hour, washed 
with water and immersed in a warm water at 60**C for 30 
minutes' to tiiereby remove sericin and sodium carbon- 
ate. The resulting silk yarn was sterilized in autoclave 
and it is employed as a i^aw material for preparing a 30 
fibroin film. 

(2) Dissolution of silk yarn 

The purified silk yarn prepared in the step (1 ) above 35 
was dissolved in an aqueous solution consisting of 
water, calcium chloride and ethanoi (mixed molar ratio = 
1:2:8). The weight rate of the silk yarn with respect to 
the aqueous solution was adjusted to be 1 : 7. The 
resultant aqueous solution was filled in a cellulose tube 40 
(a semipermeable membrane) and subjected to dialysis 
with pure water, thereby yielding an aqueous fibroin 
solution. The concentration of fbroin in the resultant 
aqueous fibroin solution was found to be approximately 
7 % by weight. 45 

(3) Preparation of a fibroin film 

The resulting aqueous f toroin solution was cast in a 
given area on a flat plastic plate and dried while feeding so 
air at the wind velocity of from 20 to 40 cm per second 
in a chamber having the temperature of 20''G and the 
relative humidity of 65 % RH. Although the film thick- 
ness of the fibroin film may vary with the concentration 
and the amount of the aqueous fSDroin solution and the 55 
area of a film surface to be dried, it is set to become 20 
^m or thicker in this case. Further, the wind velocity is 
set to be faster as the resulting film becomes thicker 



because the film becomes more crystalline as it is 
thicker. 

(4) Properties of the fibroin film 

From the fact that an X-ray diffraction photograph of 
the resultant fibroin film shows an amorphous halo, it is 
confirmed that fibroin is non-crystalline. In order to 
determine a solubility of the resulting f a^roin film in water 
(at room temperature), the fibroin film was dissolved in 
water at room temperature and. as a result, it is found 
that the resultant fibroin film has been dissolved almost 
fully in water in several minutes. From this result, it is 
further confirmed that the resulting fibroin film is sub- 
stantially non-crystalline. 

Furthermore, in order to determine an interaction of 
the fbrorn film with blood, one droplet of blood was 
dropped onto the film. As a result, the blood was 
absorbed within one minute arxl the film became swol- 
len. This indicates that the resulting non-crystalline 
f biroin film has a good interaction with a body liquid and 
the body liquid is adsorbed thereon very well while 
water is likely to be evaporated therethrough. 

(5) Functions as a wound covering material 

In order to determine the functions of the non-crys- 
talline fibroin film as a wound covering material, the film 
was applied to a fire-burnt site after It has been steri- 
lized with ethylene oxide gas. As a result, it is found that 
the film absorbed the body liquid excreted from the body 
arxJ the water was allowed to be evaporated from its 
surface, ther^y keeping the wound site in a dry state. It 
is further found that the resulting film allowed a new skin 
to be created at the wound site even when it has been 
applied to the site without exchanges for a week. From 
this result, it is confirmed that tiie fibroin film has dem- 
onstrated the suffrcient functions as an artificial skin. 

The wound covering material according to the 
present invention presents the advantages that the 
reproduction of a defect skin and the creation of a new 
skin can be accelerated by covering the surface of a 
defect (wound) skin with this wound covering material 
as an artificial skin and that the film can be removed 
without causing the reproducing defect skin and the 
developing new skin to be deleted together therewith. 
Further, when the wound covering material according to 
the present invention is applied to the defect skin, it fur- 
ther has the merits that it does not require exchanges 
over a long period of time. 

Claims 

1. A wound covering material comprising a non-crys- 
talline fibroin film. 

2. A wound covering material as claimed in daim 1 , 
wherein a water content of said non-crystalline 
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fibroin film ranges from 1% to 16% by weight. 

3. A wound covering material as claimed in claim 1 or 
2, wherein a film thickness of said non-crystalline 
fibroin film ranges from 20 jxm to 80 jim. s 
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